DOI:  10.15415/jnp.2013. 11002 


Surface  Wear  Studies  in  Some  Materials  Using 
a-induced  Reactions 


Devendra  P.  Singh1,  Yijay  R.  Sharma1,  Abhishek  Yadav1, 
Pushpendra  P.  Singh2,  Unnati1,  M.  K.  Sharma3,  H.  D.  Bhardwaj4, 
B.  P.  Singh1  and  R.  Prasad1 


department  of  Physics,  Aligarh  Muslim  University,  Aligarh,  India 

2GSI,  Helmholtz  centre  for  Heavy  Ion  Research,  GmbH,  D-64291,  Darmstadt,  Germany 

department  of  Physics,  S.  V.  College,  Aligarh,  India 

department  of  Physics,  D.  S.  N.  College,  Unnao,  India 

Emu il:  dp singh  19@gmail.  com 

Abstract  The  radio-activity  produced  during  the  irradiation  of  63  65Cu,  59Co,  93Nb  and  12U23Sb 
targets  with  a-particles  have  been  measured  using  activation  technique.  The  yields  of  radioactive 
isotopic  products  66,67,68  Ga, 61  Cu,  96s  mTc  and  123’124’126i  have  been  determined  in  the  energy  range 
«  10-40  MeV  using  stacked  foil  technique.  Radioactive  counting  of  samples  was  performed  with 
a  high-resolution  gamma- spectrometer.  As  light  ion  beams  produce  an  extremely  narrow  layer 
of  activities  in  the  surface  of  a  material,  these  reactions  may  be  useful  for  thin  layer  activation 
study. 

Keywords:  activation  technique,  excitation  functions,  alpha  induced  reactions,  thin  layer 
activation  analysis. 


1.  INTRODUCTION 


The  thin  layer  activation  (TLA)  technique  has  become  a  widely  used  sensitive  tool 
to  study  the  surface  wear  of  micron  order  in  metallic  surfaces  in  various  engineering 
components.  It  is  known  that  reliability  of  industrial  equipments,  transport  systems, 
power  plants  both  nuclear  as  well  as  conventional  etc.,  is  considerable  influenced  by 
the  process  of  wear,  corrosion  and  erosion.  As  such,  the  development  of  effective 
methods  for  the  detection,  measurements  and  monitoring  of  these  processes  are  quite 
important.  This  is  an  important  aspects  in  the  sense  that  dangerous  accidents  during 
operation  of  industrial  installation,  and  production  losses  may  be  avoided  due  to 
machine  break-down.  The  charged  particle  activation  for  measurement  and  monitoring 
of  corrosion  and  wear  is  important  particularly  when  the  parts  of  the  surface  are  not 
really  accessible.  In  TLA  method,  radioactivities  in  thin  layers  of  the  metallic  foils 
are  induced  by  bombarding  them  with  light  charged  particles  like  protons,  deuterons 
and  a-particles.  The  incident  charged  particles  may  produce  radio-active  residues  in 
the  target  material  through  nuclear  reactions.  The  yield  of  the  radio-active  residues 
as  a  function  of  the  depth  gives  the  profile  of  surface  wear.  The  yield  of  a  particular 
radio-isotope  may  be  determined  from  the  measured  cross-sections  for  that  reaction 
responsible  for  the  formation  of  the  residue.  The  cross-sections  for  the  production  of 
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residual  nuclei  by  medium  energy  nuclear  reactions  are  of  importance  not  only  for 
the  development  of  reactor  technology  but  also  for  many  fields  of  basic  and  applied 
sciences  including  astrophysics,  environ-  mental  sciences,  medicine,  accelerator 
technology,  space  sciences  etc.  More  recently,  these  cross-sections  are  also  in  demand 
in  order  to  know  the  transmutation  probabilities  required  for  the  proposed  accelerator 
driven  systems  (ADS)  popularly  known  as  energy  amplifiers  [1],  The  nuclear  data 
requirements  for  the  accelerator  driven  technologies  are  extreme  with  respect  to  both 
the  target  element  coverage  and  type  of  reaction  data.  As  such,  more  detailed  and 
accurate  measurements  are  needed  to  provide  these  data.  The  TLA  technique  requires 
the  accurate  knowledge  of  charge  particle  induced  reaction  cross-sections.  Several 
investigations  are  found  in  literature,  where  attempts  have  been  made  to  determine 
these  reaction  cross-sections.  [2,3]  have  studied  the  excitation  functions  (EF’s)  for 
several  isotopes  of  Sc,  Cr,  V  and  ™'Zr  and  have  obtained  the  calibration  curves  for 
TLA  technique.  Furthermore,  [4],  have  also  given  the  experimentally  measured  cross- 
sections  for  a-induced  reactions  on  na,Pt.  Attempts  have  been  made  [2,4]  to  explain 
the  experimental  data  with  calculations  done  using  various  computer  codes.  [5]  have 
studied  TLA  of  Cr  with  deuterons.  They  [5]  have  indicated  that  Cr  is  an  element 
which  is  added  in  many  metallic  materials  including  coatings  to  improve  corrosion 
resistance.  The  technological  developments  give  rise  to  the  use  of  Cr  as  a  material 
for  various  application  purposes.  Similarly,  various  isotopes  of  Sn  [6]  are  used  in  the 
treatment  of  tumour  and  in  positron  emission  tomography  (PET)  imaging  technique. 
As  such,  the  TLA  studies  of  various  isotopes  used  in  medical  technology  are  widely 
useful.  The  light  ion  implanted  samples  have  been  used  for  the  evaluation  of  metallic 
samples  [7].  Information  on  the  wear  level  of  some  engine  components  with  additional 
data  on  transfer  and  adhesion  of  material  have  also  been  obtained  [7]. 


In  general,  authors  [6,8,9,10]  have  also  made  an  attempt  to  verify  the  measured 
cross-sections  using  theoretical  model  codes.  Though,  considerable  data  is  available 
in  literature  on  nucleon  and  light  ion  induced  reactions  but  the  cross-section  values 
measured  by  different  groups  of  workers  for  the  same  reaction,  generally,  do  not  agree. 
Further,  most  of  the  older  measurements  have  been  done  using  detectors  and  electronics 
of  low  resolution.  As  such,  there  is  a  demand  of  new,  reliable  and  self-consistent  cross- 
section  data  taken  by  detectors  of  high  resolution.  Further,  the  value  of  cross-section 
for  a  specific  reaction  depends  on  the  reaction  mechanism  and  therefore,  accurately 
measured  cross-section  data  may  also  be  used  to  test  the  reaction  mechanism.  In  view 
of  the  above,  a  programme  of  precise  measurement  and  analysis  of  cross-sections  for 
the  alpha-induced  reactions  in  several  elements  has  been  undertaken  [11,12,13,14]. 
In  order  to  complete  the  TLA  experiment  and  to  calculate  the  amount  of  wear  by 
using  nuclear  tracing  technique,  it  is  important  to  know  the  accurately  measured 
EF’s  for  the  nuclear  reactions  of  interest  and  the  half-lives,  ^-ray  energies  etc.,  of 
the  produced  isotopes.  In  the  present  work,  TLA  technique  has  been  explored  using 
gamma  spectroscopy  for  a  large  number  of  reactions  in  several  isotopes,  which  may 
be  of  interest  for  the  reactor  technology.  The  measured  EFs  have  been  used  to  provide 
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as  a  direct  tool  to  deduce  the  surface  wear  of  different  materials.  Studies  in  some 

Materials  Using 
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2.  EXPERIMENTAL  DETAILS  Reactions 

Stacked  foil  activation  technique  has  been  employed  for  determining  the  yield  of  the 

radioactive  isotopes  at  different  energies.  In  this  technique  a  stack  of  few  sample  foils 

is  bombarded  normal  to  the  beam  direction  so  that  after  passing  through  each  foil  of 

the  stack  the  beam  energy  gets  reduced  and  successive  foils  are  irradiated  at  decreasing 

beam  energy.  The  samples  for  irradiation  were  prepared  from  natural  elements  of  ^ 

spectroscopic  purity  better  than  99.9  %.  In  case  of  S3’65Cm,  59Co  and  <r'Nb  targets  the 

thin  metallic  foils  were  used.  The  samples  of  size  12x  12  mm 2  and  of  thickness  «5-30 

mg/cm 2  were  cut  from  these  metallic  foils.  However,  in  case  of  Sb,  the  samples  were 

prepared  by  vacuum  evaporation  on  thin  aluminum  backing  of  thickness  «  6.75  mg/ 

cm2.  The  thickness  of  antimony  deposition  was  «1  mg/cm2.  Samples  were  fixed 

individually  on  aluminum  holders  of  2.5x2  cm 2  having  concentric  holes  of  1  cm 

diameter  at  their  centre.  Stacks  of  samples  were  irradiated  separately  using  «40  Me  V 

o-particle  beams  at  the  Variable  Energy  Cyclotron  Centre  (VECC),  Kolkata,  INDIA. 

In  order  to  achieve  wide  energy  variation,  in  some  cases  the  Al  degraders  of  suitable 
thicknesses  sandwiched  between  the  successive  samples,  were  used.  The  beam 
currents  of  « 1 00-400nA  have  been  used  depending  on  the  individual  case.  Keeping  in 
view  the  half-lives  of  interest,  the  stacks  were  irradiated  for  the  optimum  times  ranging 
from  about  30  min  to  few  hours.  After  the  irradiation,  the  activities  of  the  radioactive 
products  in  each  foil  of  the  target  stack  were  measured  non-destructively  using  100 
c.c.  HPGe  detector  coupled  to  a  multi-channel  analyzer.  Different  radio-active  residues 
produced  in  the  irradiated  foils,  have  been  identified  from  their  characteristic  gamma 
rays  and  measured  half-lives.  The  efficiency  versus  energy  curves  of  the  detector 
for  7-rays  of  different  energies  were  determined  using  various  standard  7-sources 
including  1S2Eu  source  of  known  strength  at  several  source-detector  separations.  The 
measured  intensities  of  the  identified  7-rays  from  the  residual  nuclei  of  interest  were 
used  to  compute  the  reaction  cross-sections.  The  details  of  the  experimental  technique 
employed  in  the  present  work,  the  method  of  the  data  reduction  and  the  details  of  error 
analysis  are  given  elsewhere  [11].  Relevant  data  on  isotopes  66,67'68Ga,  96g,mTc,  6lCu  and 
123,124,126^  fol-  application  in  thin  layer  activation  technique  is  given  in  Table  1. 


3.  MEASUREMENT  OF  CROSS-SECTION 
3.1.  Yield  curves 

The  yields  of  66,67  S8Ga,  96s-mTc, 61  Cu  and  123’124,126/ isotopes  have  been  obtained,  from  the 
intensity  of  characteristic  7  lines,  at  different  energies  of  o-particles,  i.e.,  at  different 
depths  from  the  stacked  foil  activation  experiment  carried  out  for  the  measurement  of 
the  cross-sections  of  the  reactions. 
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Table  1:  Relevant  data  on  isotopes  66'67-68Ga,  6>Cu,  96S’mTc  and  123.124.126/  for 
application  in  thin  layer  activation  technique. 


Isotope 

Half-life 

'•'f-ray 

E'y  (keV) 

Ff  (%) 

Reaction 

omax 

(mb) 

66Ga 

9.49  h 

833.6,1039.4 

6.1,37.9 

63Cw  (a ,n)66Ga 

19.25 

61Ga 

3.26  d 

184.6,209 

20.4,2.3 

65Cu  ( a,2n)67Ga 

45.35 

- 

- 

300.2,393.5 

16.6,4.6 

- 

- 

6SGa 

67.71  m 

1077.3 

3 

65C«(a,n)68Ga 

26.48 

61  Cu 

3.33  h 

282.9,373 

12.5,2.2 

59Co  (a, 2 nf'Cu 

23.07 

- 

- 

588.5,656 

1.2,10.7 

- 

- 

- 

- 

908.6,1185.2 

1.2, 3.7 

- 

- 

96  *Tc 

4.28d 

778.2,812.5 

99.8,82 

93Nb  (a,n)96g7c 

21.82 

- 

- 

849.9,1126.8 

98,15.2 

- 

- 

96mTc 

51.5  m 

1200.2 

1.1 

93M>  (a,n)96mTc 

51.20 

123  J 

13.23h 

159,529 

83.3,1.4 

121  Sb  (a, 2 n)123/ 

989.47 

124J 

4.176d 

602.7,722.8 

61,10 

n'Sb  (a ,n)124I 

215.0 

126j 

12.93d 

388.6,666.4 

34.1,33.1 

I23Sb  (a,n)126I 

148.53 

The  cross-sections  were  measured  in  the  energy  range  from  threshold  to  «  40  Me  V  by 
measuring  the  activities  induced  in  the  foils  of  the  stack.  The  activities  induced  in  each 
foil  of  the  stack  were  used  to  deduce  the  yields  of  the  isotopes  of  interest.  The  stopping 
power  of  a-particles  has  been  used  to  obtain  the  incident  energy  on  each  foil.  The  yield 
of  the  nuclides  6S'67,68  Ga,  96g’mTc,  6lCu  and  m-,24J2f7  per  micron  thickness  against  the 
depth  as  well  as  incident  energy  are  shown  in  Figs.  1-4,  respectively.  Since,  a  typical 
EF  curve  is  smooth  without  any  resonance  structure,  the  experimental  points  were 
fitted  using  the  smooth  fitting  option  of  the  ORIGIN  software.  As  can  be  seen  from 
these  figures,  the  curves  obtained  by  fitting  the  data  may  be  used  to  obtain  the  yield 
for  a  particular  isotope  at  different  depths  in  the  material  under  consideration.  In  order 
to  compute  the  net  yield  of  a  particular  isotope  in  the  thick  target  by  the  absorption  of 
40  MeV  a-particles,  the  integral  area  of  the  curve  from  the  front  surface  to  the  final 
depth  from  where  the  given  isotope  production  starts  (~  threshold  of  reaction)  has 
been  obtained.  As  can  be  seen  from  these  figures,  the  different  isotopes  of  a  given 
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Figure  1:  Yield  curves  of  isotopes  66-6’1-6SGa  from  Cu  material. 
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Figure  2:  Yield  curves  of  isotopes  96«"Tc  from  Nb  material. 
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Figure  3:  Yield  curve  of  isotope  6iCu  from  Co  material  material. 
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Figure  4:  Yield  curve  of  isotope  I23-124-126/  for  Sb  material. 
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element  have  different  yields  depending  on  the  reaction  channel  and  the  Q-value  for 
the  reaction.  The  area  under  the  curves  gives  the  total  yield  of  the  isotope  generated  in 
the  thick  target  by  absorption  of  40  MeV  energy  of  the  -particles. 

3.2.  Calibration  curves  and  surface  wear  computation 

As  indicated  in  Figs.  1-4,  the  total  yield  of  the  isotope  in  the  given  material  may  be 
obtained  from  the  integral  area  under  the  yield  curves.  After  the  removal  of  certain 
depth  of  material  (decreasing  the  thickness  corresponding  to  the  each  foil  of  the  stack 
one  by  one)  the  percentage  of  the  remaining  activity  is  computed  graphically  and 
the  calibration  curves  so  deduced  from  the  yield  curves  are  shown  in  Figs.  5-8.  As  a 
matter  of  fact,  these  calibration  curves  may  be  considered  to  correspond  to  pure  metals 
bombarded  with  40  MeV  a-particles  normal  to  the  beam  direction.  In  practice,  the 
actual  material  may  not  be  100%  pure  and  a-irradiation  may  not  be  always  possible  at 
90°  angle  of  incidence.  As  such,  transformations  [15]  may  be  required  to  be  carried  out 
on  the  X-axis  of  the  calibration  curves.  Thus  the  material  composition  and  the  angle  of 
incidence  of  the  projectile  to  the  surface  of  sample  should  be  taken  into  consideration. 
If  the  surface  of  the  samples  has  been  irradiated  at  90°  angle  of  incidence,  as  in  the 
present  case,  then  only  the  transformation  corresponding  to  the  material  composition 
may  be  carried  out  according  to  the  composition  of  several  materials  by  using  Bragg 
formula  [16],  as  given  below. 
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L  =  L  +  L  +  k  +  k  k  (1) 

R  ri  r2  r3  h  ri 

where,  R  is  the  range  in  the  different  materials,  /  the  weighted  fraction  of  the  i,h 
component,  and  r  the  range  in  the  ith  component. 

If  A  is  the  total  activity,  and  A  is  the  activity  after  removing  thickness  ,  then  the 
ratio  A  JA  may  be  given  as, 


A 


N  a.Sx. 

Z— <  i=2  1  ' 

y'  <j.6x. 

Z_/  i=l  '  ■ 


(2) 


As  can  be  seen  from  the  above  expression,  the  ratio  is  not  depending  on  the  number 
of  target  atoms,  beam  current  and  irradiation  time.  Thus  the  ratio  An_jA  may  be 
considered  as  the  mathematical  basis  for  determination  of  the  quantity  of  material 
(thickness)  removed  due  to  surface  wear  in  thin  layer  activation  method. 


The  statistical  variation  of  the  count  rates  before  and  after  the  wear  run  may  limit  the 
sensitivity  of  the  technique.  In  the  present  work,  out  of  the  nine  isotopes  viz,  S6.67  68Ga, 
96sm7c,  61  Cm  and  l23J24J26/,  the  yield  of  123/  has  been  found  to  be  maximum  and  that 
of  66Ga  is  minimum  as  per  the  cross-sections  given  in  Table  1 .  The  sensitivity  can 
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Figure  5:  Calibration  curves  of  isotopes  66.67.68Go  from  Cu  material. 
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Figure  6:  Calibration  curves  of  isotopes  96«  "Tc  from  Nb  material. 
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Figure  7:  Calibration  curve  of  isotope  6'Cu  from  Co  material. 
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Figure  8:  Calibration  curve  of  isotope  123’u*-126]  for  Sb  material. 


Journal  of  Nuclear  Physics,  Material  Sciences,  Radiation  and  Applications,  Vol.  1  No.  1 ,  August  2013 


Singh,  D.P. 
Sharma,  V.R. 
Yadav,  A. 
Singh,  P.P. 
Sharma,  M.K. 
Bhardwaj,  H.D. 
Singh,  B.P. 
Prasad,  R. 


22 


be  enhanced  by  changing  the  suitable  experimental  parameters,  viz,  increase  in  the 
beam  current  and  time  of  irradiation.  It  may  be  pointed  out  that  the  beam  current 
and  the  time  of  irradiation  should  be  optimized  so  that  the  properties  of  the  material 
are  not  affected  after  the  irradiation.  In  this  work  63,65Cn,  59Co,  93Nb  and  12hmSb 
materials  were  irradiated  to  the  beam  current  of  *100-400  nA  with  a  beam  spot  *5  mm 
diameter  for  *  10  h,  equivalent  to  »1014  ions /cm2  ,  without  almost  any  change  in  the 
properties,  such  as  hardness,  of  the  material,  as  evident  from  the  physical  appearance 
of  the  samples.  Similar  observations  have  also  been  reported  in  proton  and  deuteron 
induced  irradiations.  It  may  also  be  noticed  from  Figs.  5-8  that  the  rate  of  change  of 
activity  per  unit  thickness  is  more  for  the  higher  slope  curve  i.e.,  the  errors  associated 
in  higher  slope  curve  will  be  less.  The  overall  error  has  been  estimated  from  the  errors 
of  cross-section  in  generating  the  calibration  curves  and  the  activity  measurement  of 
the  irradiated  samples  and  has  been  found  to  be  <  5-15%. 


4.  CONCLUSION 

In  the  present  work  an  attempt  has  been  made  to  develop  the  TLA  technique  using 
o-particles  to  determine  the  surface  wear  in  the  micron  order  in  different  materials.  The 
calibration  curves  with  percentage  of  residual  activity  against  the  removal  of  thickness 
may  be  utilized  to  investigate  the  surface  wear  of  materials  used  in  the  nuclear  power 
reactors.  The  investigation  for  the  surface  wear  data  of  such  materials  used  in  power 
reactors  is  useful  from  the  point  of  view  of  operational  performance  and  safety  of  the 
plants. 


ACKNOWLEDGMENTS 

Thanks  are  due  to  VECC  personnel  and  the  Chairman,  Department  of  Physics,  A.M.U. 
for  providing  all  the  necessary  facilities  to  carry  out  this  work.  One  of  the  authors 
(DPS)  thanks  to  the  Department  of  Science  &  Technology  (DST),  New  Delhi  for 
providing  financial  support  vide  the  project  no.  SR/FTP/PS-025/201 1.  RPM  and  BPS 
thank  UGC  &  DST  for  financial  support. 


REFERENCES 

[1]  Rubbia  C.  et.  al.  European  Organization  for  Nuclear  Research  CERN/AT/95-44(ET). 
(1995) 

[2]  Hermanne  A.,  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B152,  1 87- 
201  (1999). 

[3]  Chowdhury  D.  P.,  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  103, 
261-266  (1995).  http://dx.doi.org/10.1016/0168-583X(95)00663-X 

[4]  Hermanne  A.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  251,  333- 
342  (2006).  http://dx.doi.Org/10.1016/j.nimb.2006.06.021 


Journal  of  Nuclear  Physics,  Material  Sciences,  Radiation  and  Applications,  Vol.  1  No.  1,  August  2013 


[5]  Laguzzi  G.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  100,  540-542 
(1995).  http://dx.doi.org/10. 1016/0168-583X(95)00368-1 

[6]  Rebeles  R.  A,  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  260,  672- 
684  (2007).  http://dx.doi.Org/10.1016/j.nimb.2007.04.162 

[7]  Racolta  P.  M.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  127/128, 
949-953  (1997).  http://dx.doi.org/10. 1016/S0168-583X(97)00037-2 

[8]  Tarakanyi  F.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  247,  210-216 
(2006).  http://dx.doi.Org/10.1016/j.nimb.2006.03.002 

[9]  Tarakanyi  F.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  259,  817-828 
(2007a).  http://dx.doi.Org/10.1016/j.nimb.2007.01.286 

[10]  Tarakanyi  F.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  259,  829-835 
(2007b).  http://dx.doi.Org/10.1016/j.nimb.2007.01.287 

[11]  Singh  B.  P.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  A  562,  7 17-720 
(2006).  http://dx.doi.Org/10.1016/j.nima.2006.02.030 

[12]  Bhardwaj  H.  D.  and  Prasad  R.  Nuclear  Instruments  and  Methods  in  Physics  Research 
A242,  286-290  (1986).  http://dx.doi.org/10. 1016/0168-9002(86)90222-6 

[13]  Singh  B.  P.  Ph.  D.  Thesis,  Unpublishid,  Ali  garh  Muslim  University,  Aligarh,  INDIA 
(1991). 

[14]  Sharma  M.  K.  et.  al.  European  Physical  Journal  A  31,  43-51  (2007). 
http://dx.doi.org/10. 1 140/epja/i2005- 103 18-5 

[15]  Konstantinov  I.O.  and  Krasnov  N.N.  Journal  of  Radioanalytical  and  Nuclear  Chemistry  8, 
No. -2,  357-371  (1971).  http://dx.doi.org/10.1007/BF02518201 

[16]  Chowdhury  D.  P.  et.  al.  Nuclear  Instruments  and  Methods  in  Physics  Research  B  143, 
381-388  (1998).  http://dx.doi.org/10.1016/S0168-583X(98)00366-8 


Devendra  P.  Singh  is  Young  Scientist  under  fast  track  scheme  sanctioned  by 
Department  of  Science  and  Technology,  New  Delhi  in  the  Department  of  Physics, 
Aligarh  Muslim  University,  Aligarh.  He  has  been  working  in  the  field  of  Experimental 
Nuclear  Physics.  He  has  published  several  research  publications  in  international 
journals  of  repute. 

Vijay  R.  Sharma  is  Ph.D.  Scholar  in  the  held  of  Nuclear  Reaction  dynamics. 

Abhishek  Yadav  is  Assistant  Professor  working  in  the  Department  of  Physics, 
Aligarh  Muslim  University,  Aligarh.  He  has  been  awarded  Prof.  C.  V.  K.  Baba  best 
Thesis  presentation  in  Nuclear  Physics  by  Indian  Physics  Association  2012.  Several 
International  publications  are  to  his  credit. 

Pushpendra  P.  Singh  is  a  visiting  Scientist  in  the  GSI,  Helmholtz  Centre  for  Heavy  Ion 
Research,  GmbH,  D-64291,  Darmstadt,  Germany.  He  has  been  awarded  Prof.  C.  V.  K. 
Baba  best  Thesis  presentation  in  Nuclear  Physics  by  Indian  Physics  Association  2008. 
He  has  published  several  research  publications  in  international  journal  of  repute. 


Journal  of  Nuclear  Physics,  Material  Sciences,  Radiation  and  Applications,  Vol.  1  No.  1,  August  2013 


Unnati  did  her  Ph.D.  from  Physics  Department  AMU,  Aligarh  and  is  currently  engaged 
in  Nuclear  reaction  studies. 

M.  K.  Sharma  is  Assistant  Professor  in  Department  of  Physics,  S.V.  (P.  G.)  College, 
Aligarh  (U.  P.)  and  is  involved  in  the  studies  related  to  heavy  ion  reactions  using 
Pelletron  Accelerator. 

H.  D.  Bhardwaj,  recently  retired  as  Head  of  the  Department  of  Physics,  D.  S.  N. 
College,  Unnao,  India. 

B.  P.  Singh  is  a  Professor  in  the  Department  of  Physics,  Aligarh  Muslim  University, 
Aligarh.  He  is  working  in  the  field  of  Experimental  Nuclear  Physics.  Various  Academic 
honours  are  to  his  credit.  He  has  supervised  several  Ph.  D.  And  M.  Phil,  students.  He 
has  published  more  than  fifty  research  publications  in  the  International  Journals  of 
repute. 

R.  Prasad  has  been  UGC-Emeritus  Fellow  in  the  Department  of  Physics,  Aligarh 
Muslim  University,  Aligarh.  He  has  been  the  Chairman  of  the  Department  of  Physics 
and  the  Dean,  Faculty  of  Science,  Aligarh  Muslim  University,  Aligarh.  His  area  of 
interest  are  the  nuclear  reactions,  accelerators.  Nuclear  Powers  etc.  A  large  number  of 
publications  are  to  his  credit. 


Journal  of  Nuclear  Physics,  Material  Sciences,  Radiation  and  Applications,  Vol.  1  No.  1,  August  2013 


